Abstract: Dental caries persists as one of the most prevalent chronic diseases among children worldwide. This study aims to determine factors that influence dental caries in primary dentition among primary school children residing in the rural non-fluoridated community of Lithgow, New South Wales, Australia. A total of 495 children aged 5-10 years old from all the six primary schools in Lithgow were approached to participate in a cross-sectional survey prior to implementation of water fluoridation in 2014. Following parental consent, children were clinically examined for caries in their primary teeth, and parents were requested to complete a questionnaire on previous fluoride exposure, diet and relevant socio-demographic characteristics that influence oral health. Multiple logistic regression analysis was employed to examine the independent risk factors of primary dentition caries. Overall, 51 percent of children had dental caries in one or more teeth. In the multiple logistic regression analysis, child's age (Adjusted Odd's Ratio (AOR) = 1.30, 95% CI: 1.14-1.49) and mother's extraction history (AOR = 2.05, 95% CI: 1.40-3.00) were significantly associated with caries experience in the child's primary teeth. In addition, each serve of chocolate consumption was associated with 52 percent higher odds (AOR = 1.52, 95% CI: 1.19-1.93) of primary dentition caries.
Introduction
Although dental caries is largely preventable, it is still one of the most prevalent chronic childhood diseases worldwide [1] . It is caused by a complex time-dependent interaction between acid-producing bacteria and fermentable carbohydrates, resulting in demineralisation of inorganic component and dissolution of organic structure of the tooth, compromising the overall structure of tooth and often leading to cavitation [2] . Currently, in high-income countries such as Australia, the prevalence of dental caries has significantly decreased due to increase use of fluorides, improved oral hygiene, and a decreased frequency of sugar consumption [3] . However, its treatment still consumes a high proportion of health resources [4] .
Dental caries has a wide spectrum of risk factors ranging from child's gender, increasing age, lack of fluoride exposure, oral health behaviours, unhealthy dietary lifestyle such as use of sugar-sweetened beverages, low socio-economic status (SES), and maternal oral health [5] [6] [7] . Dental caries is an important public health issue since its lack of treatment leads to pain, repeated prescription of antibiotics, tooth loss, malnutrition, poor childhood development, low self-esteem, and missed school days [8] . Hence, it compromises a child's overall quality of life. Also, it has been acknowledged that decay in primary teeth is a strong risk factor of dental caries in the permanent teeth [9] .
In the Australian perspective, the 2012-2014 National Child Oral Health Survey (NCOHS) reported that 41.7 percent of children aged 5-10 years suffer from dental caries in their primary teeth. Of note, 27.1 percent of these children had at least one primary tooth with untreated decay, that is, one in every four children in this age group had untreated tooth decay [10] . Furthermore, the national survey highlighted that low parental education, low household income, and residence in rural and/or remote areas were some crucial social determinants of higher tooth decay prevalence in Australian children [10] . Data from New South Wales (NSW) report an average of more than one primary tooth is affected by dental caries [11] . Furthermore, within NSW, the hospitalisation rates for dental procedures (to either remove or restore primary teeth affected by dental caries) illustrate a major variability in terms of remoteness i.e., hospitalisation rates were disproportionately high in remote and very remote areas, followed by inner regional areas, while being lowest in major cities [12] . These estimates are an indicator of higher prevalence of dental caries in infants residing in rural areas compared to urban areas of NSW.
The Centre for Disease Control and Prevention in the United States recognises water fluoridation as one of the major public health achievements of 20th century as it reduces the oral health inequality [13] . It is widely reported that water fluoridation leads to an increase in the proportion of caries-free children by 15.4% [14] . Many research studies have highlighted the protective effects of water fluoridation on reduction of caries prevalence i.e., burden of caries is higher among residents in non-fluoridated communities compared to those living in fluoridated communities [15, 16] . Parisotto and colleagues [17] from Brazil reported a higher caries burden among children from non-fluoridated areas in comparison to those in fluoridated areas. A large-scale study done in Queensland, Australia, concluded that children living in long-term fluoridated area had 40 percent lower caries prevalence (RR for dmfs: 0.60 (95% CI: 0.44-0.82) than children in non-fluoridated areas [16] . Mc Lee and Brearley-Messer [18] reported a significant increase in the caries experience of children aged 5-6 years and 11-12 years living in low-fluoridated or non-fluoridated areas as compared to those children who live in fluoridated areas within Australia.
In Australia, as per the NSW Fluoridation of Public Water Supplies Act 1957 [19] , water fluoridation is not mandatory in NSW, and the local government councils hold the decision to fluoridate the water supplies. Efforts by NSW Health, in partnership with area health services, Australian Dental Association and local governments, have provided access to fluoridated water to 96% NSW population, whereas 4% rural communities of NSW still lack water fluoridation, hence rendering them prone to high caries risk [20] .
Lithgow Local Government Area (LGA) is a rural township located 145 km west of Sydney, having a resident population of 19,756. Prior to 2014, Lithgow LGA was the only community settlement within the precincts of former Sydney West Area Health Services that did not have access to fluoridated water supply [21] . A study reported a higher caries prevalence among children residing in Lithgow in comparison to those based in adjoining fluoridated communities of Bathurst and Orange [3] . Although some studies have reported on oral health in Lithgow children [3, [21] [22] [23] , there is limited evidence on the risk factors of dental caries experience in primary school children in non-fluoridated communities of Australia such as Lithgow. Therefore, the aim of this study was to measure caries experience in primary teeth of school children in Lithgow and to identify the factors related to the caries burden. In addition, this study served as a baseline estimate of caries experience in Lithgow children prior to the introduction of water fluoridation; and will assist in drawing up comparisons with a prospective follow-up study after the introduction of water fluoridation.
The key hypothesis of this study is as follows:
H 0 : Socio-behavioural factors are not associated with dental caries in primary dentition among school children in rural residence.
Which will be tested against the following alternative:
H A : Socio-behavioural factors are significantly associated with dental caries in primary dentition among school children in rural residence.
Materials and Methods
This study is nested within a broader cross-sectional survey involving primary school children of Lithgow, a rural town of NSW, before this region was provided access to water fluoridation in 2014 [21] . The school principals of all six primary schools operating in Lithgow LGA were approached through an invitation letter to be a part of the oral health survey and all agreed to do so. All children aged between 5 and 10 years were invited to participate, and there were no specific selection criteria for inclusion or exclusion, except for the age group and residence. Following the schools' approval, parents of school children were invited to participate in the oral health survey by providing a take-home information pack comprising of (a) an information statement, (b) a consent form, and (c) a detailed oral health questionnaire. To ensure participation in the study, reminders were sent to parents through school newsletters on weekly basis for a total of four weeks.
For the sample size calculation, we adopted a standard α-error of 5%, a confidence interval level of 95%, and an expected prevalence of about 53% based on the caries prevalence status obtained from New South Wales Child Dental Health Survey for the former Sydney West Area Health Service [24] . The minimum sample size required to provide 80% power (1-β) was estimated to be n = 400.
Questionnaire Survey
The survey questionnaire was adapted from the National Child and Oral Health Survey questionnaire to ensure standardised data collection and comparison with 2011 national census reports [24] . The questionnaire consisted of questions related to children's socio-demographics, oral hygiene and dietary lifestyle, residential movements and dental visiting. Tooth brushing frequency was categorised as brushing with a fluoridated toothpaste once or less than once a day and twice or more daily. The dietary questions explored frequency of consumption of cordial beverages, sweet treats, fruit juices, chocolate and carbonated drinks by the child on a regular day. In addition, parental socio-demographics namely age, country of birth, Indigenous origin, annual household income, education, occupation, dental treatment history, and private health insurance coverage were recorded to investigate if these factors have any impact on child oral health. Parental education was classified into high school education or less and tertiary education; while occupation was categorised into three groups namely managers and professionals, skilled workers; and unemployed and pensioners.
Clinical Examination
Following parental consent, all school children aged between 5 and 10 years underwent a clinical dental examination between August 2006 and November 2006 by two dental practitioners in classrooms of their respective schools. Teeth were examined wet, under a halogen light source, and if necessary, a ball-ended World Health Organization (WHO) probe was used for exploring the teeth surfaces for better assessment. The WHO diagnostic criteria were used for assessing dental caries, which defines a carious tooth as a "cavity into the dentine surface" [25] .
Caries prevalence in primary teeth is most commonly represented as the mean number of decayed (d), missing due to decay (m), and filled due to decay (f) teeth, which is termed as "dmft" specifically for the primary dentition [26] . In this study, caries prevalence only for primary dentition is reported for children aged 5-10 years since primary [27] teeth exfoliate with advancing age. Caries prevalence was categorised as no dmft scores and dmft scores ≥1.
Examiner Calibration and Reliability
Caries prevalence scores of primary examiner were calibrated under the supervision of a calibrating examiner on daily basis, while intra-and inter-examiner reliability was assessed through Cohen's Kappa statistics [28] . The kappa value for intra-examiner reliability was 0.98, and that for inter-examiner reliability was 0.93.
Data Analysis
Statistical Package for Social Sciences (SPSS) version 24 (IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY, USA) was used to manage and analyse data. Descriptive statistics were calculated to generate frequencies, percentages, means, and standard deviations of study variables. The estimated residential population at 30 June 2006 of 5-to 10-year-old children in Lithgow was used to calculate sampling weights for each child [29] . These weights were applied when calculating age-specific indices to produce estimates that were representative of 5-to 10-year-old children in Lithgow [21] . Chi-square tests were used to assess categorical data comparisons, and multiple logistic regression analyses were performed to determine the independent risk factor of dental caries prevalence in Lithgow LGA school children. Only the important variables that were consistently significant across previous studies and reviews [7, 9, 17] were included in the multiple logistic regression analyses and a backward stepwise model was performed. Multicollinearity tests were carried out using linear regression diagnostics and Pearson's r correlation tests for all the independent covariates. No multicollinearity was present between the predictor variables and therefore all were included in the final regression model, which is the model of best fit. The non-significant variables were sequentially eliminated from the model in a backward stepwise manner. To examine the external validity of the results, the observed population estimate of the Lithgow survey was compared against the 2011 Australian Bureau of Statistics (ABS) census [30] by performing one sample z-tests for proportions.
Ethics Approval
Ethical approval for this dental public health survey was obtained from the Human Research Ethics Committee at the University of Sydney, Western Sydney Area Health Service (HS/pme HREC2006/5/5.16(2354)), Catholic Education Board, and New South Wales Department of Education. A written informed consent to participate was taken from parents/guardians of all children.
Results
Out of 1000 children, a total of 495 children (49.5% response rate) aged between 5 and 10 years were clinically examined for primary caries after obtaining parental consent. Table 1 shows the descriptive statistics and chi-squared test with p-values of the factors that were significantly associated with primary caries. Mean scores were calculated for continuous variables. Among 495 children, it is seen that a significant half of children (50.6 percent) had one or more dmft scores, whereas 49.4 percentage did not have any dmft scores (Table 1) . Furthermore, the mean number of serves of chocolate and sugary drinks were found to be higher among children who had one or more dmft scores compared to those who were caries-free (Table 1 ). In addition, the impact of parents' oral health and extraction history on their child's caries status is also clearly evident, as parents' extraction history had significant association with prevalence of primary caries in their children (Table 1) . Table 2 shows the results of univariate and multivariate analyses. In the univariate analysis, factors such as child's age, toothbrushing frequency, age when toothbrushing commenced, toothpaste type, past exposure to fluoridated water, chocolate and sugary drinks consumption, parental age and education level, extraction history of both the parents, and household income were significantly associated (p-value ≤ 0.05) with caries in the primary dentition in children. Consistent with the univariate analysis, the multivariate logistic regression analysis shows that risk factors such as child's age, increased chocolate consumption, and extraction history of mothers were significantly associated with primary dentition caries. In terms of child's age as predictor variable, every year of increased age in child was associated with 30 percent higher odds of primary caries incidence (Odds Ratio (OR) = 1.30, 95% CI: 1.14-1.49) ( Table 2) . Similarly, each additional serve of chocolate consumption increased the child's odds of developing caries in the primary dentition by 52 percent (OR = 1.52, 95% CI: 1.19-1.93) ( Table 2 ). Finally, in regards to extraction history of mothers as an independent risk factor, every tooth extracted in the mother was associated with twice increased odds of their child having caries in the primary teeth (OR = 2.05, 6.75% CI: 1.40-3.00). Only variables which are statistically significant are shown in the table. CI = Confidence interval. NS = Not-significant. R Reference category. OR-Odds ratio. AOR-Adjusted odds ratio. © (1 serve equals 1 cup-250 mL). ® (1 serve equals 1 chocolate).
Discussion
This study aims to provide a snapshot of socio-demographic and health-behavioural determinants that influence prevalence of dental caries in primary dentition among school children residing in the Lithgow community, NSW. Overall findings from the study show that almost 51 percent of the sample population had at least one or more dmft scores (Table 1) . Furthermore, it is observed that almost 67 percentage of children who brushed twice or more daily did not have any dmft scores, whereas 42 percent of children who brushed once or less had one or more dmft scores (Table 1) .
In the multiple logistic regression analysis, increase in the child's age (in years) had significant association with higher odds of primary caries. This could be explained by several plausible mechanisms such as age-related causes, caries progression due to early caries experience, and caries susceptibility. In terms of age-related causes, mixed dentition stage is the period around 6 to 12 years where primary teeth are exfoliated and are replaced by their permanent successors [31] . During this period, there is a high risk of caries incidence due to tender gums, crowding of teeth, and cleaning difficulties compounded by other behavioural factors in children [32] . In addition, studies also report that children who have had early caries experience are at higher risk of developing new cavities as they age [33] . In terms of caries susceptibility, morphology of primary teeth could also be a possible factor as studies report that primary teeth are particularly vulnerable to caries as they have proportionally thinner enamel and dentine compared to permanent teeth, which makes them naturally susceptible to caries development and rapid progression [34, 35] . Other factors such as developmental defects and aberrations in the tooth composition are also reported to be significant contributors to development of primary caries [36] .
Choice of diet in terms of increased uptake of energy-dense, low-nutritious foods contribute to higher prevalence of dental caries [6, 37] . Expectedly in this study, there was a statistically significant association between the serves of chocolate intake and prevalence of caries in the primary dentition. Several studies have reported a direct dose-response relationship and a clear biological plausibility of sugar intake and caries development, where cariogenic bacteria thrive under the presence of fermentable carbohydrates such as sucrose, fructose, and glucose [9, 38] . Thus, it is clearly evident that higher chocolate consumption leads to more numbers of decayed teeth consistent with findings from other studies [39, 40] .
Parents play a crucial role as decision makers in making important health-related choices for their children. Positive attitude and knowledge of parents toward a healthy lifestyle have significant links to their child's quality of life [41] . In this study, a statistically significant association was observed between mother's extraction history and their child's caries status. This is consistent with other studies [42, 43] that have also reported that children born to mothers who had high rates of tooth loss had higher odds of having poor oral health. Therefore, it is clearly evident that poor maternal health behaviours and lifestyle choices are directly associated with their child's health and wellbeing [44] .
Although a response rate of 50 percent is considered reasonable for validity of a study, lower response rates do not necessarily result in bias [45] . The Lithgow survey had a response rate of 49.5 percent, which was less than anticipated. Lack of interest in participating in surveys that are not perceived as a salient need in a person's life or due to the proliferating health literacies previously published by other health research articles might have contributed to the low response rates and might have been due to lack of interest in participating in surveys [46] .
In order to clarify the possibility of selection bias and to establish the external validity of the study findings, the observed percentages of selected socio-demographic variables such as parent's country of birth, Indigenous status, and education levels from this study was compared to the corresponding expected percentages of the 2011 ABS census reports based on selected postcodes of Lithgow region. From Table 3 , it is observed that there were no significant differences between the expected population estimates of the census and the observed estimates in the Lithgow survey for factors such as education level and Indigenous status of household. However, it is seen that children of Australian-born parents were 3% over-represented in the survey in comparison to the survey statistics. 1 Children were classified to the overseas born category if they had at least one parent who was born overseas. 2 Children were classified to the Indigenous category if they had at least one parent who was Indigenous. 3 Children were classified to the University or College degree category if they had at least one parent who had a university or college degree.
This study has both strengths and limitations worth reporting. In terms of strengths, this is one of few studies that has explored the socio-behavioural factors that influence caries in the primary dentition among children residing in rural Australian communities prior to water fluoridation. In terms of limitations, this study used the WHO criteria to examine caries for field or epidemiological surveys. Therefore, only the obvious cavitation seen with the naked eye was recorded on wet tooth surfaces. A drawback of the WHO method is that caries in the enamel cannot be examined, which often requires proper dental armamentarium to isolate or dry the teeth. Furthermore, other limitations include small sample size, sampling bias, and choice of cross-sectional study design renders difficulty in establishing causation and the likely chances of some degree of bias due to the use of self-reported questionnaire [47] . This study failed to mention the presence of other important confounders that could distort the findings. This study analysed the total dmft scores instead of specific decayed teeth scores, which is more indicative of current disease burden and treatment needs. In addition, there is opportunity for future research in this community that could possibly compare the prevalence of caries in the dental caries among the same cohort of children before and after water fluoridation.
Conclusions
This study provides understanding of the various social determinants and health behavioural factors that are associated with prevalence of caries in primary dentition among children residing in the rural community of Lithgow, Australia. Caries prevalence in the primary dentition of children was associated with age, diet and maternal oral health behaviours, suggesting the need for a more effective oral health promotional programs for this targeted population.
